Math 12 Pre-Calculus .F( X) —> -F(x +3)

e (-3,5)

1. The point (-3 ,5) lies onthe graphof y = f(x + 3). What must be a point on the

graph of
w35
a) y=f() (0,5) a2 )
. £ (x-2) £x+3) = F(x2
b) y=f(x-2) ) — } _ 25
e» (s | B 3
O y = f(x) + 4 (O ) rig\ﬁ N unts
vp H Y
d) y=f(x+4)-7 T
down 7}, \eftY ( + Q\\
2. The point (h, k) lies onthe graph of y = f(x). What must be a point on the graph of
a) y=f(x+1) (h—\ )\4)
ledt |
) y=f(x-2) (h+9‘ ‘\/\)
rif)h’r&
Q) y=f(x)+4 (h, \4“%3
vy 4
d) y=f(x+4)-7 (h"’hk‘—%)

3. A function has equationy = (x — 3)(x — 2)(x + 1). Write the equation of the function
that is translated right 2 units and up 3 units.

X — o #;:5“ \/:(x-3 -2) (x_;ﬂ;))(xu—:l) +3




1.2 Reflections and Stretches
1. Comparing the graphs of y=f(x) andy=—f(x)

a) Complete the second table of values. The first one is completed for you.

y=x" y=-x
X 1Y X y
-3 9 -3 -
-2 4 -2 -4
-1 1 -1 =1
0 0 0 O
1 1 1 -1
2 4 2 -4
3 9 3 -9
b) Use the tables of values above to graph each of the functions on the grid below.
2
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Y; X — Y: - x
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5 X
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c) For the two graphs, what is the relatichship betweeri the y—coordinates of points that have the

same x—coordinates? - Co o\’d'\na\‘{’.& ace o 05,-‘,@,5) +he PO s are "
K [ 'reflected
d) Describe how the graph of y = x? is related to the graph of y =—x*. (In other words, what

happens to the graph of y = x when a negative sign is placed in front of the term x°?) Teﬂecjred

e) In general, the graph of y =—f(x)isa \/er’ﬁc@\ re@\ec‘fion of the graph of y = f(X)
inthe _ ¥ -Qx\5 : (x-gx‘\s s the "m';rfo(“

Note: The notation—y = f (x)) is sometimes used instead of y =—f (x) to emphasize that the

reflection involves a reversal of y—coordinates. - \1 = {3 (x )
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2. Comparing the graphs of y=f(x) and y = f (—x).

a) Complete the second table of values. The first one is completed for you.

y=2x+3 y=2(-x)+3

X y X 1Y

-3 |-3 -3 q
-2 |-1 -2 T
-1 11 -1 1 5
o rs 0O | 3
1 s 1 1
N 2 | ~|

3 9 3 "5

Y=2x+3

(1:5)

(2,71 @A)

c) For the two graphs, what is the relationship between the x—coordinates of points that have the
. i 2 !
same y—coordinates’ h c‘j 00 OP’PDSI RS

d) Describe how the graph of y =2x+ 3 is related to the graph of y =2(-x)+ 3. (In other ho‘:‘son-\-ov\
words, what happens to the graph of y =2x+ 3 when a negative sign is placed in front of the

term x?) reﬂed'ior\

e) In general, the graph of y = f(-x)is a hO\"\}Dﬁ)f@\ fEﬂQthmof the graph of y = f(x)
inthe N -0\S




Example 1:
In each case, the graph of a function y = f(x) is shown. Sketch the graph of the reflected
o h ov"t:')off‘fo"'\

function indicated.
o y——f(g ¢ Verhesd b y = f(-X)
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Example 2:
Using the graph of f(x)=2x>— 4 on the left, sketch each of the indicated graphs.
y=—1(x) b) y=f(-x)

f(x)=2x’—4
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Example 3:
Given the function f(x)=2x>— 4, write equations for 3
a) y=-f(x) 5 ) Y= go 9 (-x) -
\/:. - ('2_)( - H 3) l_}
= '1(-)6 -

\f = _-'Z‘K7> -4

—

N = -2% M




Stretching Graphs of Functions Y:F(“) (;md \/ = a-p (x)

1. Comparing the graphs of y = f(x) and cy = f (x)

a) Complete the following tables of values by first rewriting the equation with the indicated substitution and then
solving the equation for y. The first one is completed for you.

2

_ _ 2
y =X y_21>£_. y = %Xz
Xy X1y Xy
319 3118 -3 |45
-2 |4 2|8 -2 |2
-1 (1 -1 |72 -1 |05
0|0 0|0 0|°
11 1|2 1 |05
2 |4 2| ® 2 |2
319 3 18 3 |45
b) Use the tables of values to graph and label each of the 3 functions on the grid below.
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c¢) How can each of the following graphs be obtained from the graph of y = x%?
. 2 . N
1y=2  fallec | \ -coocds ace fwie os Biy.

ii)y=%X2 6\'\0&«8( ,  \J-Coocds ace é. as bif)'

d) In general, how is the graph of ¥ = ax’ obtained from the graph of y = X’

i) when a>1? iijwhen 0<a<1?
steelcned / e,cPand ed 34 uashed / comgfssed




Summary:

« If @> 1, the graph of y = af (X) is obtained when the graph of Y = f(X) undergoes a
verhcol «Qx‘PO\né on by a factor of a.

«1f 0 <a<1, the graph of y = af (X) is obtained when the graph of y = f(X) undergoes  a
\Ne (‘\i Qﬂv\ QDmIDfES&iD n by a factor of a.

Remember that the y—values of y = af (X) are obtained by multiplying each y—value of Y = f(X) by the factor a.
What happens if a< 07?
In general, ifa < O, the graph of y = af (X) is obtained when the graph of ¥ = f(X) undergoes a

vechcal {—m‘mnb‘nm: by a factor of a, along with a e 'ﬂ@d" oOn N X-AX\S.
Com PfesS~or\

Note: The notation % = f(X) isalso used instead of y = af (X) to emphasize that the parameter a involves a

stretch in the y—direction: i.e., a vertical stretch.

n .Y
Coof@‘.uen* 6 = -3
Example 1:
Sketch the graph of ¥ = —3| X |

We can obtain the graph of y = —3| X | from the graph of ¥ = | X | through two transformations:

a) retiechon 3
»__exponded by o fucor of 3 ¥z y=-3/x|

1

¥ -1, _— (-I;‘3)
((c:,::}) — (0,0)
; (1) — (1,-3)

mu,\‘\‘ip\“e‘fk each
\_’..Loowrd bn "3

ao 1.2b F9.6



2. Comparing the graphs of y = f(X) and y = f(ax)

a) Complete the following tables of values. The first one is completed for you.

y =vx y=V@x)  y=405x) y:-[3x
XV Xy XV
16 | 4 8 | H 32 |4
9|3 45 |3 18 | 3
412 2 |a 8 |2
11 05! 2 ||
0|0 0|0 0|0

b) Use the tables of values to graph and label each of the 3 functions on the grid below.
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c¢) How can each of the following graphs be obtained from the graph of y = \& ?

i) y =+(2x) Cow?res&d hov tbon%»\kj
iy =05 Steetdned \r\oiubbﬂjfa\lﬂ

d) In general, how is the graph of ¥ = /(bX) obtained from the graph of y = \&

i) when b >1? .
Com?\'eSS'nbﬁ '
)ij a—?acjroi’ of b

e Y= {2x
€y = E; Q,)cPansibr\ (TQL\P( DCCL\)

iijwhen 0 <b<1?

Summary:

«1f b >1, the graph of y = f(bX) is obtained when the graph ofy = f(X) undergoes a
Nov) b(m\'a«\ _( hm?iﬁbbibh byafactorof b .

«1f 0 <b <1, the graph of y = f(bX) is obtained when the graph of y = f(X) undergoes  a
hoc ?}Orﬁﬁ\ Q,}(‘Dar)ﬁibﬂ by a factor of _t_ .




Notice from your tables that for y = ,[(ZX) to have the same y—values as Y = \& , the corresponding x—values of

y = /(2x) must be divided by the factor 2.

Thus in general, for Y = f(bX) to have the same y-values as y = f(X), the corresponding x-values of
y = f(bx) must be divided by the factor b.

In other words, if b >1, it takes “less x” to do the job of building the function y = f(bX), so we have a horizontal

compression of y = f(X). NE F’C‘Q \IZ-F(ZX)
(\(::,'-ﬂ ( 8 )L+ )

Also, if 0 <b <1, it takes “more x” to do the job of building the function y = f(bX), so we have a horizontal
expansion of y = f(X).

What happens if b <0? (neaa&wa eg \f: 3‘2)4

In general, ifb <0, the graph of Y = f(bX) is obtained when the graph of y = f(X) undergoes a hor :;OTT}GJ

Qﬂ‘?&ﬂ%‘l oNn ‘/CUW\'PWSM\ by a factor of % along with a VE‘P\EC’("D(\ [T \’l—' oS

E le 2: . .
The grid below contains the graph of a function Yy = f(X) . Sketch the graph of y = f(—§ X).
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Example 3:
The graph of y = v9— x? is shown to the right. y

Sketch the graph of 2y = v9-—x7.
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